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Abstract
Introduction and objective. Little is known about the development of chronic Q fever caused by Coxiella burnetii in 
occupational risk groups and in the general population in Italy, as well as in many countries in the world. The aim of this 
study was to highlight the presence of the infection in a sample of workers operating outdoors (but not directly in contact 
with animals), in three provinces of western Sicily, in order to detect the human seroprevalence and compare the obtained 
data with those found in animals raised in the same territory.  
Materials and methods. The study included 126 generic seasonal agricultural workers (labourers), 84 male and 42 female; 
none of whom were aware of any previous contact with Coxiella burnetii. Their immunologic status against Coxiella burnetii was 
tested through research and titration of both phases I and II specific antibodies (IgG) with an indirect immunofluorescence 
assay, using anti-antibodies labeled with fluorescein isothiocyanate. All data were statistically analyzed, comparing all positive 
results from the three provinces through variance analysis, and then comparing human results with those obtained from 
animals raised in the considered areas, specifically, 1,511 cows, 46 of which were found positive (3.04%), and 3,391 sheep, 
548 of which were found positive (16.16%).  
Results. Anti-Coxiella antibodies were found in nine of 42 females sampled (21.4%; 95%CI=[9.0–33.8]) and 21 of 84 males 
sampled (25.0%; 95%CI=[15.7–34.3]). 60% (18 of 30; 95%CI=[42.5–77.5]) of seropositive samples were positive either for Phase 
I antigen or for both Phase I and II antigens, representing cases of chronic infection. Applying Spearman’s rank correlation, 
the percentage of seropositive humans was significantly correlated with that observed for sheep (r=1.00; p<0.001), but not 
for cows (r=-0.5; p=0.667).  
Conclusions. The results obtained, although based on a small sample, suggest that the disease is present in the territory 
of Western Sicily, both in animals and in humans. A closer collaboration between doctors and veterinarians is therefore 
necessary to fight against the spread of the infection.
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INTRODUCTION
Q fever is a zoonosis caused by Coxiella burnetii, an 
obligate intracellular pathogen infecting different animals, 
especially cows, sheep and goats, usually through ticks that 
act as carriers. These animals may constitute a reservoir for 
infection, as well as birds and arthropods. Human infection 
occurs primarily through inhalation of dust coming from 
infected stables, slaughterhouses, or animal derivatives 
(skins, wool), or by contact with urine, milk, excrements 
and other excreta of infected animals, wherein the disease 
is manifested with pneumonia, but also with abortions and 
infertility [1]. The disease, present throughout the world, is 
an occupational hazard for those who work in rural settings 
and in contact with animals, especially the operators of the 
livestock industry (veterinarians, tanners, and wool carders). 
This motivated some countries to undertake vaccination 
programmes for workers at risk of contracting the disease 
[2–19].
In humans, Q fever can cause symptoms similar to 
influenza, with fever and headache, diarrhea and vomiting; 
in severe cases, it can result in pneumonia. The incubation 
period varies from one to four weeks: the onset is sudden, 
with fever that can reach 40 °C, severe headache, chills, 
malaise, myalgia, and often chest pain. Chronic Q fever, 
characterized by an infection lasting more than six months, 
is uncommon, but much more serious. In addition to the 
pulmonary localization, in the chronic form, hepatitis and 
endocarditis may be experienced. Chronic forms affect almost 
exclusively individuals with predisposing conditions, such as 
subjects with valvular heart diseases, patients with vascular 
problems or immunodeficiency. The symptoms can also 
occur after months or years after the infection. Endocarditis 
and vascular infections from chronic Q fever usually lead to 
death if not treated with appropriate antibiotics for at least 18 
months, and require up to a lifetime of treatment. Diagnosis 
is based on clinical signs and a specific serodiagnosis, using 
methods such as indirect immunofluorescence (IFA), ELISA 
and complement fixation test (CFT) for the detection of 
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phase I and II antibodies, specific against the two different 
antigenic phases of C. burnetii. Both phases are important 
for the serodiagnosis. In particular, the reactivity to phase II 
corresponds to the acute form of the disease, while positivity 
to phase I or both corresponds to the chronic form. IgM 
antibodies against phase II antigens can be sought two 
weeks after infection, and persist for about two months; Ig 
G antibodies against phase I antigens appear after about 12 
weeks and persist in serum for years. Molecular diagnosis 
through the research of bacterial DNA is increasingly being 
used [20]. During the acute phase, it is possible to isolate C. 
burnetii from blood, lungs, spleen and liver of the affected 
individual. Therapy is based on tetracycline.
Q fever was recognized for the first time as a zoonosis in 
1935, when some workers of an Australian slaughterhouse 
contracted the disease. Q fever, very often asymptomatic, it 
is not always diagnosed, therefore the available data often 
underestimate the size of the phenomenon in a geographic area. 
At the present time, in Italy and other European countries, the 
exact number of humans and ruminants with Q fever infection 
is unknown [21], often because people with antibodies against 
Coxiella burnetii show no obvious signs of the disease.
OBJECTIVE
To highlight the spreading of infection with Coxiella burnetii 
in a sample of workers operating outdoors (but not directly 
in contact with animals), in three provinces of western Sicily, 
in order to detect the human seroprevalence and compare 
the obtained data with those found in animals raised in the 
same territory.
MATERIALS AND METHOD
The study included 126 generic seasonal agricultural workers 
(labourers), 84 male and 42 female, with mean age 47.8 (±DS 
10.3) and average length of work 18.5 years (±DS 10.3). These 
individuals lived and worked in three provinces of Western 
Sicily: 62 (49.2%) in Palermo, 20 (15.9%) in Trapani, 44 (34.9%) 
in Agrigento. None of them, as part of their work, was in 
direct contact with animals. For each worker, a professional 
conducted an objective examination, which included 
a preliminarily medical record (anamnesis) collecting 
information such as professional risks, relatives’ diseases, and 
personal pathologies, remote and proximate. A venipuncture 
was performed for the evaluation of routine tests, such as: 
blood count, transaminases AST and ALT, GGT, BUN, 
creatinine, glucose, in order to establish possible changes in 
the baselines of the main function indexes for: blood-bone 
marrow, liver and kidneys. Thus, the immunologic status 
against Coxiella burnetii was established through research 
and titration of phase I and II specific antibodies (IgG).
The performed test was an indirect immunofluorescence 
allowing the antibodies possibly present in the sample to bind 
to the antigens fixed on the slide, and to be detected using 
anti-antibodies labeled with fluorescein isothiocyanate. The 
apparatus used in the test is the fluorescence microscope 
Leica DMLB with FITC filter for reading the slides. The blood 
sera determining elementary bodies visible and fluorescent 
when diluted 1:16 were assessed as positive, and checked for 
discriminating between Phase I and Phase II antibodies. 
All data were statistically analyzed, comparing positive 
individuals in the various provinces through analysis of 
variance, and then comparing human results with those 
obtained from animals raised in the considered areas.
Statistical analysis. For the preliminary analysis, one-way 
ANOVA test was used to investigate the distribution of age 
and job seniority with respect to the farmers’ provenance. At 
univariate analysis, the association between the occurrence 
of positive antibodies and demographical and professional 
variables was assessed using either the c2 test or Fisher’s exact 
test, as appropriate. The correlation between seropositivity 
in humans and either cows and sheep was calculated 
through the Spearman’s rank correlation. For age and job 
seniority, the median was used as cut-off value and values 
not less/more than the median were categorized as 0/1. A 
p value ≤0.05 was considered as statistically significant. To 
measure the association level, crude Odds Ratio (OR) and 
the 95% corresponding test-based Confidence Interval (CI) 
were calculated. Multivariate analysis was executed only in 
the case of at least two statistically significant variables in 
univariate analysis. Statistical analysis was performed by 
using Stata MP/11.2 software.
RESULTS
The characteristics of enrolled subjects, total number of 
farm workers, gender, average age and job seniority are 
all summarized in Table 1. The composition of the sample 
was not significantly different among the three examined 
provinces with respect to gender (p=0.563), while it was 
significant by age (p=0.019) and seniority (p=0.001).
None of these subjects reported in anamnesis any suggestive 
events of possible contamination, such as working in stables, 
or being in direct contact with animals. Only one male 
worker in the province of Agrigento reported the occurrence 
of a tick bite in the past, but he was not infected with Coxiella 
burnetii, resulting negative to both phases.
None of the respondents had any febrile respiratory illness 
in place. In addition, no abnormal findings were detected in 
routine blood tests.
Anti-Coxiella antibodies were found in nine of 42 females 
sampled (21.4%; 95%CI=[9.0–33.8]) and 21 of 84 males 
sampled (25.0%; 95%CI=[15.7–34.3]). The distribution of 
Table 1. Composition of the sample of 126 Sicilian farmers by gender, age and seniority
Provinces N°
Males Females Age (mean±DS) Job seniority
n n(%) of positive n n(%) of positive Total samples Positive only Total samples Positive only
Overall
Agrigento
Palermo
Trapani
44
62
20
84
32
39
13
21 (25.0)
9(28.1)
8(20.5)
4(30.8)
42
12
23
 7
9(21.4)
1(8.3)
3(13.0)
5(71.4)
47.8±10.3
46.9±10.1
50.2±9.4
42.6±10.9
46.2±2.4
40.7±12.2
51.6±10.7
45.5±11.1
18.5±10.3
18.7±11.1
20.8±9.3
10.8±9.2
15.5±12.4
12.7±10.6
21.6±12.5
11.2±10.3
72
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positive females was significantly different by province 
(p=0.002), but not the distribution of positive males 
(p=0.782). The sample composition for positive workers 
was not significantly different among the three provinces 
with respect to age (p=0.130) and job seniority (ANOVA 
p=0.116) (Tab. 1).
The greatest percentage of workers with anti-Coxiella 
antibodies occurred in Trapani (45.0%), significantly higher 
than the results observed in Agrigento (22.7%) and Palermo 
(17.7%) (p=0.044). There was no significant difference in the 
prevalence of the infection, neither by gender (p=0.657) nor 
by age (p=1.000) or seniority (p=0.140) (Tab. 2).
As can be seen from the data shown on Tables 2 and 3, the 
mean age and seniority of workers coming from Palermo 
province found positive to both Phase I and II antibodies 
is significantly higher than in the rest of the sample. 60% 
(18 of 30; 95%CI=[42.5–77.5]) of seropositive samples were 
positive either for Phase I antigen, or for both Phase I and 
II antigens, representing cases of chronic infection (Tab.3).
Concerning the antibody titration, the range of 
seropositivity was between 1:16 and 1:128 (Tab. 4).
To study the spread of the infection in cows and sheep 
raised in the same provinces, data collected from surveys 
carried out by Istituto Zooprofilattico Sperimentale of Sicily 
in various farms of the three provinces were analyzed. The 
number of farms and animals tested, with serology results, 
are shown in Table 5.
The number of infected bovines was not homogeneous 
along territory (p<0.001), with no positive lead found in 
Trapani. Alternatively, there was no significant difference in 
the number of infected sheep among Agrigento, Palermo and 
Trapani (p=0.167). Applying Spearman’s rank correlation, 
the percentage of seropositive humans was correlated with 
that observed for sheep (r=1.00; p<0.001), but not for cows 
(r=-0.5; p=0.667).
DISCUSSION
The obtained results, although based on a small sample, 
suggest that the disease is present in the territory of Western 
Sicily, infecting people found seropositive, even if not in 
direct contact with animals, nor clinically diagnosed for 
Q fever.
However, as outdoor workers, they were at greater risk 
of contracting the infection through infected aerosols: in 
fact, to be a farmer is recognized as a potential risk for 
biological exposure. In this regard, in a future study the 
authors intend to compare these findings with similar ones 
collected from individuals living in the same geographical 
areas, but performing indoor work tasks.
In the presented sample, seropositive status was never 
associated with a tick bite. Only one male subject reported 
a bite, but he had negative test results.
In this study, positive test results for Phase I, plus those 
positive for both phases (thus with chronic infection), 
were 18 out of 30, equal to 60%. In this regard, it would be 
appropriate to continue to monitor over time the remaining 
12 seropositive subjects to assist their possible evolution to 
a chronic phase.
CONCLUSIONS
It is hard to estimate the true prevalence of the disease 
in human due to the lack of sufficient similar data for the 
exposed population in Italy [22]. Also, in other countries, 
such data are fragmentary and scientific studies are not 
Table 2. Prevalence of anti-Coxiella antibodies in 126 Sicilian farmers: 
univariate analysis
Characteristics N°
Presence of anti-
Coxiella antibodies OR 95%CI p
n %
Province
 Agrigento
Palermo
Trapani
44
62
20
10
11
9
22.7
17.7
45.0
1.00
0.73
2.78
[0.28-1.93]
[0.87-8.94]
0.044
Gender
Female
Male
42
84
9
21
21.4
25.0
1.00
1.22 [0.47-3.38]
0.657
Age
≤49.1
>49.1
63
63
15
15
23.8
23.8
1.00
1.00 [0.41-2.46]
1.000
Seniority
≤22.5
>22.5
65
61
19
11
29.2
18.0
1.00
0.53 [0.21-1.33]
0.140
Table 3. Provenance and number of seropositive subjects
Provenance of 
the sample
Positive only 
to phase I
Positive only 
to phase II
Positive to 
Phase I and II
Total seropositive 
samples
Agrigento 1 2 7 10
Trapani 0 6 3 9
Palermo 4 4 3 11
Total sample 5 12 13 30
Table 4. Antibody titres found in positive subjects
Provenance of 
sample
Positive 
1:16
Positive 
1:32
Positive 
1:64
Positive 
1:128
Total 
seropositive 
samples
Agrigento 1 1 4 4 10
Trapani 4 2 2 1 9
Palermo 5 5 1 0 11
Total sample 10 8 7 5 30
Table 5. Prevalence of infected animals in Sicilian tested farms: univariate 
analysis
Characteristics
No. of 
farms
No. of 
tested 
animals
Presence of 
infected animals OR 95%CI p
n %
Cows
Agrigento
Palermo
Trapani
61
12
46
3
1511
151
1259
101
46
22
24
0
3.04
14.6
1.9
0.0
1.00
1.67
-
[0.85-3.24]
-
<0.001
Sheep
Agrigento
Palermo
Trapani
96
26
55
15
3391
833
1882 
676 
548
145
284
119
16.16
17.4
15.1
17.6
1.00
1.19
0.99
[0.95-1.48]
[0.75-1.30]
0.167
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always updated. In fact, Q fever is not a disease easily brought 
to the attention of doctors, in contrast to other zoonosis such 
as brucellosis, rickettsiosis or leishmaniasis.
Therefore, there is a tangible risk of underestimating the 
cases in the population, with missing or incorrect diagnosis in 
both acute events and chronic infections, along with resulting 
organ damages. The rarity of current disease reports could 
also be related to the several infections being completely 
asymptomatic or accompanied by atypical symptoms, 
hardly distinguishable from those caused by other diseases. 
For example, in this study all subjects showed no signs or 
symptoms of respiratory disease, and did not report any 
suggestive episode attributable to the time of infection. 
The study will be expanded in the near future, enrolling 
subjects with other work tasks not at direct risk of infection, 
to compare with those farmers in order to help assessing the 
related risk with this profession in the Sicilian region, where 
the disease had been described many decades ago [23, 24].
A study on the population at risk of exposure was also 
recently conducted on a group of veterinarians in the 
Netherlands where a persistent high level of IgG antibodies 
against Coxiella burnetii was found, presumably because 
of the continuous exposure to this pathogen during their 
work. The authors also assert the opportunity to monitor 
those subjects, as positivity can indicate a possible chronic 
Q fever in this occupational risk group [25].
In conclusion, it would be desirable and very helpful 
if there were greater collaborations between doctors and 
veterinarians, because the strategy to combat the spread of 
Q fever infection in humans can only be related to a better 
control of the pathogen in animals.
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